I. INTRODUCTION
In recent years, many experiments have found that liquid crystals doped with dispersive materials e.g. carbon nanotubes, silica microbeads, nanoparticles and various collides exhibit remarkable new physical phenomena. Experiments have shown that nanoparticles and ferroelectric nanoparticles can greatly enhance the physical properties of nematic and smectic liquid crystals [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
The mixture of nematic and smectic liquid crystals and magnetic nanoparticles is known as a ferronematic and ferrosmectic. A number of experimental studies [12] [13] [14] [15] [16] [17] [18] [19] [20] are devoted to study of ferrosmectic phase in both in thermotropic and lyotropic liquid crystals. The most essential feature of the ferrosmectics is that their structure aligns parallel to an external magnetic field.
Potocova et al. [13] studied the structural instabilities of the ferronematic and ferrosmectic phases prepared from 8CB (CH 3 (CH 2 ) 7 (C 6 H 4 ) 2 CN). Martnez-Miranda et al. [12] studied how the surface coating interacts with the liquid crystal in conjunction with the ferromagnetic nanoparticles (FNP).
They have found out that depending on the surface coating the interaction of the ferromagnetic nanoparticles with the liquid crystal varies. Cordoyiannis et al. [14] experimentally studied the impact of magnetic nanoparticles on the isotropic-nematic (I-N) and nematic-Semectic-A (N-SmA) phase transitions of 8CB. This work shows that the I-N transition remains weakly first order even in the presence of FNP. For the N-SmA phase transition the results of this work show a crossover from anisotropic criticality towards tricriticality.
A large number of theoretical works [21] [22] [23] [24] [25] [26] [27] have been carried out to describe the effect of anisotropic nanoparticles, carbon nanotubes and ferroelectric nanoparticles in nematic and smectic liquid crystals. However, very few or practically no theoretical work has been attempted to explain the phase behavior of the N-SmA phase transition in thermotropic liquid crystals (TLC) in the mixture of FNP. Only one theoretical work [28] on ferrosmectic phase in LLC is available in the literature but that is not quantitatively explicit either. Thus it is interesting to see how the ferromagnetic nanoparticles influence the character of the N-SmA phase transition in TLC. Based on this core question, here we to develop a phenomenological model structured around the FloryHuggins theory [29] to discuss the I-N and N-SmA phase transitions in the in the mixture of FNP.
II. MODEL
In this section, we use the combination of Flory-Huggins theory and Landau-de Gennes theory for the binary mixture of calamitic SmA liquid crystal and ferromagnetic nanoparticles. First we describe the order parameters necessary in the model free energy. The smectic-A phase has both the orientational and translational ordering. The nematic order parameter, originally proposed by de Gennes [30] , is a symmetric, traceless tensor described by Q ij = S 2 (3n i n j −δ ij ), where n i are unit vectors specifying the preferred orientation of the primary molecular axes, also called directors.
The quantity S defines the strength of the nematic ordering . The layering in the SmA phase is characterized [30] by the order parameter ψ(r) = ψ 0 exp(−iΨ), which is a complex scalar quantity whose modulus ψ 0 is defined as the amplitude of a one dimensional density wave characterized by the phase Ψ. The magnetic order is described by the magnetization M = Mm such that |M | = 0 in paramagnetic state and |M | = 0 in the ferromagnetic state. Thus we use Q ij , ψ, and M as order parameters necessary for the description of the I-N and N-SmA phase transitions in the mixture of FNP.
The total free energy per unit volume of the mixture can be written as
where f mix is the free energy mixing of isotropic liquids; f N P describes the contribution of the FNP dispersed in liquid crystal, f LC represents the free energy of SmA ordering of liquid crystals and f int describes the coupling between FNP and SmA ordering, respectively.
The isotropic mixing free energy density may be approximated in terms of the Flory-Huggins theory [29] f mix
where k B is the Boltzmann constant and T is absolute temperature. φ and (1 − φ) describe the volume fractions of FNP and SmA liquid crystals. The contribution of the FNP free energy density can be expressed as
The material parameter p can be assumed as p = p 0 (T − T * 3 ). p 0 is a positive constant and T * 3 is the virtual transition temperature. We assume q > 0 for the stability of the free energy.
The SmA free energy density can be expressed as
a and α can be assumed as a = a 0 (T − T * 1 ) and α = α 0 (T − T * 2 ), a 0 > 0 and α 0 > 0. T * 1 and T * 2 are the virtual transition temperatures. We choose c > 0, b > 0 and β > 0 for the stability of the free energy density (2.4). Equations (2.2)-(2.5) are all tacitly structured around the standard symmetricity argument.
The contribution to free energy density due the interactions is written as
The parameters δ, γ, η 1,2 , and ω are coupling constants. δ is chosen positive to favor the smectic-A phase over the nematic phases The positive values of γ, η 1,2 , and ω ensures the ferromagnetic order induced by the nematic order and translational order.
Following Pleiner et al. [31] we consider the ordering directions betweenn andm make an angle θ f i.e.n ·m = cos θ f . Then the total free energy density (2.1) leads to
Minimization of Eq. (2.6) with respect to S, ψ 0 , M and θ f yields the following five stable solutions excluding the ferromagnetic state:
This phase exists for a > 0, α > 0, and
This phase exists for a < 0, α − δS > 0,
This phase exists for a < 0, α − δS < 0, and
In the description above, we have used
The necessary conditions for the four different phases to be stable (Hessian determinant) are given below: In the following we will discuss only the I-FN and FN-FSmA phase transitions which is observed experimentally.
A. I-FN phase transition
In order to ensure the stability of the FN phase, we require
where
The renormalized coefficients show that the Landau coefficients a * , b * and c * change with change of the concentration of FNP. Now the free energy density near the I-FN phase transition can be expressed as
The value of the magnetization in the FN phase can be expressed as
where the value of S in the FN phase can be calculated from the equations
The temperature variation of the order parameter (S) for pure sample and a fixed concentration of FNP in the FN phase is shown in Fig.1 . This is done for a set of phenomenological parameters for which the direct I-N and I-FN phase transitions are possible. The substitution of M from Eq. (2.11) into Eq. (2.10), we get
The free energy density (2.13) describes the I-FN phase transition. At the dimensional level, the Ginzburg-Landau free energy term [ The conditions for the first order I-FN phase transition can be obtained as
The conditions for phase equilibrium require that the chemical potentials in the isotropic and FN phases are equivalent i.e µ iso = µ F N .
The FN phase appears only for a * < 0 i.e.
T < T
where We now discuss the FN-FSmA phase transition. In order to ensure the stability of the FSmA phase we require
The above renormalized coefficients show that the interaction parameters δ, η and γ change with the change of the concentration of FNP.
The values of the smectic ordering and the magnetization in the FSmA phase can be expressed as
22)
where the values of S in the FSmA phase can be calculated from the equation (Fig. 1) . However, changing the parameter values to θ f = π/2 and φ = 0 (Fig. 2) or φ = 0.02 (Fig. 3) , we find discontinuous jumps, confirming our prediction of a first order phase transition. The conditions for the first order FN-FSmA phase transition are given by
The conditions for the second order phase N-SmA transition read 
where F F N (S 0 ) is the corresponding free energy density of the FN phase and u = 1/χ 1 , χ 1 is the response function of the FN phase.
After eliminating the values of S and M from Eq. (3.1), we get the free energy density as
The renormalized coefficients are
It is clear from the renormalized coefficients that the parameters α * * and β * * change with the change of concentration φ which indicates change of the order of the FN-FSmA phase transition.
For pure 8CB or low value of the concentration φ of FNP, β * * > 0, then a second order transition occurs.
Then renormalization of the second order FN-FSmA transition temperature can be written as
where where
For the higher value of concentration φ of the FNP, β * * < 0, the FN-FSmA phase transition is a first order transition. In this case both the N and SmA phases can coexist i.e. a two phase region appears. In this case sixth order term For a tricritical value of the concentration φ tcp , β * * = 0, then a tricritical point is obtained.
Hence a TCP is achieved with the change of concentration of the FNP.
IV. CONCLUSIONS
We have developed a phenomenological model combining with In the present work we have discarded spatial variations in the order parameter. The inclusion of these derivative terms will give additional physics into these phase transitions.
